The certification of poliomyelitis eradication in Europe will eventually require that countries demonstrate there is a minimal risk of wild poliovirus reintroduction and sustained transmission through unimmunized subpopulations such as ethnic minorities. A serologic survey among a Gypsy community in Italy found that despite only 26% documented immunization coverage, serum neutralizing antibodies to poliovirus types 1, 2, and 3 were detected in 81%, 94%, and 63% of the 86 persons studied. While the high level of immunity found in this community may have been due to secondary spread of vaccine virus, the possibility of unrecognized circulation of wild polioviruses cannot be excluded. Targeted immunization of such groups may be the most efficient means of eliminating the risk of importation-associated outbreaks.
Although indigenous wild polioviruses have been eliminated from western Europe for several years, unimmunized subpopulations will continue to present a risk of importation-associated outbreaks until such time as the global goal of polio eradication is achieved [1, 2] . In many European countries, Gypsies are at a particular risk of reintroducing wild polioviruses because of their low immunization coverage, ongoing contact with areas in which polio is endemic, and often nomadic lifestyles [3] .
In November 1994, a case of acute flaccid paralysis in a 13-month-old Gypsy child from Rome was tentatively diagnosed as poliomyelitis on the basis of clinical and electromyographic findings. Although virologic studies did not detect evidence of a poliovirus infection, the case provided a rare opportunity to evaluate the risk of sustained poliovirus transmission in a Gypsy community and the potential for spread to the general population.
Background
The last case of poliomyelitis in Italy due to indigenous wild poliovirus was in a patient who developed paralysis in 1982 [4] . Since 1980, 6 cases of vaccine-associated poliomyelitis and 3 imported cases, from Iran, India, and Libya, have been reported [4] . Immunization coverage with at least three doses of oral polio vaccine (OPV) was 95% for children <5 years old in the general Italian population in 1994 (Ministry of Health, Italy). The Gypsy community from which the suspected polio case was notified in November 1994 consisted of 26 families living in a collection of recreational vehicles. Sewage facilities were shared, and water for drinking and bathing was taken from a communal tap. The case prompted the community to work with public health authorities to determine their risk of vaccine-preventable diseases and update their immunization status.
Methods
A standardized questionnaire was used to collect demographic data, vaccination histories, travel details, and contacts with countries in which polio is endemic from all members of the Gypsy camp from which the case was notified. The reported immunization status of each person was corroborated by reviewing immunization cards and local health unit records. The immunization status of each person was then classified as documented (written record), reported (no written record but verbally reported), no history (neither written nor verbal), or unknown (no written record and reported as unknown). For those with no immunization history, the number of contact doses to which they may have been exposed was estimated by calculating the number of doses given to other family members.
Serum samples were collected from all consenting persons. Antibody titers to poliovirus types 1, 2, and 3 were determined by a standard microneutralization assay in Hep-2 cells [5] . Briefly, 2-fold dilutions ofsera were challenged with 100 TCID so of reference strains of poliovirus types 1-3 (Mahoney, MEF-l, and Leon, respectively). Neutralization mixtures were inoculated onto cell monolayers, and cytopathic effect was scored daily for 3-5 days. Serum neutralizing antibody titers were expressed as the reciprocal of the highest dilution shown to completely inhibit cytopathic effect. Titers were considered positive at ;:,: 1:8 dilution. Anti-tetanus and -diphtheria antibody titers were measured as a direct control of the reported immunization status. Titers were determined with an indirect hemagglutination test using turkey erythrocytes sensitized with tetanus toxoid or diphtheria toxoid (30 Lf U/mL). Reference standards were established by serum neutralization using human IgG containing 150 IU/mL tetanus toxoid or 10 lUI S87 NOTE. Data are no. of subjects.
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t Excluding people born at the camp. Fisher's exact test) were used to compare the characteristics of the total population and the subgroup for which serologywas available. Differences in the proportion of persons who seroconverted by immunization status category were evaluated with X 2 • Linear regression was used to test for associations between age and the number of contact doses. Logistic and linear regression models were constructed to control for age while assessing the effect of contact doses on serologic status and the geometric mean titer of anti-poliovirus antibodies. There was no significant difference in the presence of serum neutralizing antibody to poliovirus type 2 by immunization status; 100%, 95%, and 91% of persons with documented, reported, and no history or unknown immunization were seropositive, respectively (P = .342). Of the persons with documented OPV immunization, 100% and 77% were seropositive for poliovirus types 1 and 3, respectively, while 79% and 37% of those with a reported immunization history were seropositive. Among those with no immunization history or unknown status, 73% and 67% had anti-poliovirus type 1 and -type 3 antibodies, respectively. A similar pattern was seen when the analysis was restricted to children < 10 years old (table 2) . In contrast to the findings for poliovirus antibodies, only 3 persons, all of whom had a documented history of immunization and were ;::10 years of age, were seropositive for tetanus; no persons were seropositive for diphtheria.
Among the 31 persons with no history of immunization, the probability of being seropositive to poliovirus type 1, 2, or 3 increased with age (data not shown). The subgroup of 14 with documented exposure to contact doses showed a significant correlation between age and the number of doses to which a person was exposed (r = .70; 95% confidence interval, 0.27-0.90). Age-adjusted geometric mean antibody titers were highest among unimmunized persons who were exposed to immunized family members (table 3) .
Discussion
Although the documented OPV immunization coverage in this Gypsy community is well below the Italian average (26% Table 2 . Prevalence of poliovirus antibodies by immunization status and age group, Gypsy community, Rome, 1994.
Results
The Gypsy community we studied consisted of 149 persons, 86 (58%) of whom provided blood samples. There were no significant differences in sex, age, time in the community, or place of last residence between those who did and did not provide samples (table 1) . Of the 47 who were not Italian nationals, 33 were from the former Yugoslavia and 14 were from France; all had been in Italy for >5 years except for 10 who had arrived from France in the previous 6-12 months. Recent contacts with countries in eastern Europe in which polio is endemic could not be excluded. Of the 86 persons for whom serology results were available, vs. 95%), >94% of the persons studied were found to have serum neutralizing antibodies to poliovirus type 2, while 81% and 63% were seropositive for types 1 and 3, respectively. A number of factors suggest that secondary spread of vaccine virus may have contributed to the high level of antibodies seen among the unimmunized Gypsies: Wild poliovirus type 2 has not circulated in Europe for several years, geometric mean antibody titers were highest among unimmunized persons who were exposed to immunized family members, and the proportion of unimmunized children with antibodies to poliovirus types 1, 2, and 3 is consistent with the pattern expected with secondary spread [6] . Because poliovirus transmission is predominantly fecal-oral, the spread of either vaccine or wild poliovirus could have been facilitated by the poor hygienic conditions under which this Gypsy community lived. While indigenous poliovirus transmission was interrupted in Italy by 1983 [4] , the possibility of unrecognized exposure of this Gypsy community to imported wild polioviruses cannot be excluded, as there has been a significant potential for ongoing contact with persons from countries in which polio is endemic, particularly Balkan countries. Although acutely paralyzed children rapidly receive medical care in Italy, the very high ratio of wild poliovirus infection to paralysis could result in substantial silent transmission before a case of paralysis occurred [2] .
The number of persons who had received OPV could have been underestimated in this study because of incomplete data, but this is doubtful, as the community is served by a single health unit that maintains individual immunization histories and records of immunization activities. Furthermore, the lack of antibodies to tetanus or diphtheria among those with no documented immunization indicates that the immunization status data are relatively accurate. Although the sample size in this study is relatively small and involves only one Gypsy community, the results may be representative of other communities because of similarities in their immunization status, living conditions, and travel histories.
Despite the relatively high level of immunity seen in this study, an importation of wild poliovirus into this Gypsy population could still result in substantial morbidity. These findings reinforce the need for targeted immunization activities similar to the' 'mopping up" that is recommended by the World Health Organization [2] to eliminate the last pockets of polio-susceptible persons. As part of the response to the suspected polio case identified in this Gypsy community, the immunization status of its members was reviewed and updated by the local health unit. Other health units in the Rome area are also conducting catch-up immunization among their Gypsy populations and developing a plan for ensuring the ongoing immunization of these groups. Similar activities have previously been successful in boosting the immunization status of itinerant populations in other European countries [7] .
Eventually, national certification of polio eradication will require evidence that high-risk populations such as these unimmunized Gypsies and other ethnic minorities have sufficient immunization coverage to prevent the importation and spread of wild polioviruses [8] .
The findings of this study support the proposition that secondary spread of vaccine virus may reduce the potential for polio outbreaks in high-risk populations with relatively low immunization rates. However, additional targeted immunization activities are required to eliminate the potential for sustained wild poliovirus transmission in such groups and the possibility of spread into the general population.
